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Abstract 
A typical building zone designated as Zone PPU, in UTHM was selected for 
a detailed study of applying Thermal Energy Storage (TES) for cooling load 
reduction. Data of electricity bills from May 2005 to December 2007 were collected 
for analysis of usage trending. The energy consumption index for Zone PPU was 
also established and compared with MS 1525 standard. The energy simulation 
program TRACE 700 was used to calculate the peak cooling loads for Zone PPU. 
Two storage systems using ice storage technology were being proposed in this study, 
which are full storage system and partial storage system. Two economical analysis 
tools, which are the Simple Payback Period method and Net Present Value method, 
were used to evaluate whether the proposals are economically viable to be 
considered. The energy consumption for buildings G I, G2 and G3 (of total floor 
areas 15,285 m2) for the year 2007 was 7,261 ,803kWh, giving an energy 
consumption index of 475kWh/nl per year which was far too much compared to the 
recommended value of 135kWh/m2 per year as stated in MS 1525 Standard. The 
analysis results indicated that the TES proposals for the existing cooling load of 
I 160RT has no attractive payback period and results negative net present value 
calculating up to the life span (of 15 years) of chillers with proper maintenance, 
indicating that the TES proposal is not economically viable. In view of the available 
market references, cooling load of 3000RT and above is required in order to achieve 
a more economically viable proposal. Therefore, several proposals with proposed 
capacity ranging from 2200RT, 2900RT, 3600RT and 4200RT have been made so 
that the most optimum load can be selected for future considerations. 
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Abstrak 
Zon tertentu di UTHM, Zon PPU, telah dipilih untuk kajian aplikasi Thermal 
Energy Storage (I'ES) dalam pengurangan beban penyejukan dan kesannya 
pengurangan pad a penggunaan tenaga eletrik.. Data bil elektrik dari Mei 2005 ke 
Disember 2007 telah dikumpulkan untuk analisis trend penggunaan tenaga. Indeks 
tenaga untuk Zon PPU telah ditentukan dan dibandingkan dengan piawaian MS1525. 
Program simulasi tenaga TRACE 700 telah digunakan dalam mengirakan beban 
penyejukan puncak di Zon ppu. Dua sistem penyimpanan, iaitu sistem 
penyimpanan penuh dan sistem penyimpanan separa, dengan menggunakan 
teknologi penyimpanan ais telah dicadangkan dalam kajian ini. Dua kaedah analisis 
ekonomi, iaitu Simple Payback Period dan Net Present Value telah digunakan untuk 
menilai sarna ada cadangan-cadangan ini adalah menguntungkan dari segi ekonomi. 
Pada tahun 2007, bangunan-bangunan Gl, G2 dan G3 dengan keluasan 15,285m2 
telah menggunakan 7,261,803kWh, ini memberi nilai indeks penggunaan tenaga 
bemilai 475kWh/m2 Itahun. lni adalahjauh lebih besar berbanding nilai piawaian 
135kWh/m2/tahun seperti yang dinyatakan dalan1 MS 1525. Keputusan anal isis 
menunjukkan bahawa cadangan TES untuk beban penyejukan 1160RT (Ton 
Penyejukan) yang sedia ada tidak memberi tempoh bayar balik yang menarik. Di 
samping itu, nilai negatif net present value yang dikira sehingga hayat guna chiller 
yang diselenggara dengan baik, seIama 15 tahun, menunjukkan bahawa cadangan 
TES tidak menguntungkan dari segi ekonomi. Berpandukan rujukan pasaran sediada, 
beban penyejukan 3000RT dan ke atas adalah diperlukan bagi cadangan yang lebih 
ekonomik. Oleh itu, beberapa cadangan beban penyejukan daripada 2200RT, 
2900RT, 3600RT dan 4200RT telah dibuat untuk mendapatkan cadangan beban yang 
paling optimum untuk pertimbangan masa akan datang. 
V11 
TABLE OF CONTENTS 






TABLE OF CONTENTS VII 
LIST OF TABLES x 
LIST OF FIGURES Xl 
LIST OF SYMBOLS X11 
LIST OF APPENDICES X111 
CHAPTERI: INTRODUCTION 
l.l Background 
1.2 Problem statement 3 
1.3 Objective 6 
1.4 Scope of study 6 
1.5 Significant of the project 7 
viii 
CHAPTER II : LITERATURE REVIEW AND THEORY 
2.1 Background 10 
2.2 Introduction to thennal energy storage (TES) 11 
2.3 Cooling load estimation method 15 
2.3.1 Conduction through exterior walls, roof and 16 
glass 
2.3.2 Conduction through interior partitions, ceilings 17 
and floors 
2.3.3 Solar radiation through glass 17 
2.3.4 Lighting 18 
2.3.5 People 19 
2.3.6 Equipment 19 
2.3.7 Heat from infiltration of outside air through 20 
openings 
CHAPTER III : METHODOLOGY 
3.1 Introduction 21 
3.2 The selected building 22 
3.3 Building usage 28 
3.4 Electric energy consumption pattern 28 
3.5 Thennal storage technology 28 
3.5.1 Introduction 28 
3.5.2 Ice storage system 29 
3.6 Economics analysis 34 
3.6.1 Introduction 34 
3.6.2 Simple payback period method (SPP) 34 
3.6.3 Net present value method (NPV) 35 
CHAPTER IV: RESULT AND DISCUSSION 
4.1 Trend of electric energy consumption 
4.2 Ice storage proposals 
4.2.1 Load profile 
4.2.2 Full storage system 
4.2.3 Partial storage system 
4.3 Economics analysis 
4.3.1 Simple payback period 
4.3.2 Net present value 
4.4 Discussion 


























LIST OF TABLES 
TABLE NO. TITLE PAGE 
Table 1.1: Zoning other than PPU : TariffB - Low Voltage 4 
Commercial Tariff 
Table 1.2: Zone PPU: TariffCl - Medium Voltage General 4 
Commercial Tariff 
Table 2.1: Commercial Tariff Category 13 
Table 3.1: Details of Blocks G 1, G2 and G3 22 
Table 3.2: Physical and operational characteristics of Blocks 25 
01, G2 and G3 
Table 4.1: Monthly Electricity Consumption for Zone PPU 38 
Table 4.2: Cooling load requirement for full storage system 41 
Table 4.3: Electrical load requirement for full storage system 43 
Table 4.4: Operation cost saving for fuil storage system 45 
Table 4.5: Cooling load requirement for partial storage system 46 
Table 4.6: Electrical load requirement for partial storage 48 
system 
Table 4.7: Operation cost saving for partial storage system 50 
Table 4.8: Results of payback period and net present value 54 
calculations 
Table 4.9: Comparison of investment priority between 56 
payback period method and net present value 
method 
xi 
LIST OF FIGURES 
FIGURE NO. TITLE PAGE 
Figure 1.1: CommerciaJlInstitutional Secondary Energy Use 3 
End-Use, 2002 
Figure 1.2: Yearly energy consumption in UTHM from 2002 to 5 
2007 
Figure 2.1: Schematic representation of two building cooling 11 
TES systems: (a) with no storage and (b) with 
storage 
Figure 2.2: Heat gain components that contribute to the room 15 
cooling load 
Figure 3.1: Layout of Blocks G I, G2 and G3 25 
Figure 3.2: Glycol-based ice storage systems 30 
Figure 3.3 Design-day cooling load profile 3i 
Figure 3.4: On peak and off peak periods 32 
Figure 3.5: Partial storage system 33 
Figure 4.1: Plot of monthly electricity consumption for Zone 39 
PPU in the year of2006 and 2007 
Figure 4.2: Typical load profile for Blocks G I, G2 and G3 40 
Figure 4.3: Plot of Design Load Profile for Full Storage System 42 
Figure 4.4: Plot of Design Load Profile for Partial Storage 48 
System 
xii 
LIST OF SYMBOLS 
SYMBOL DESCRIPTION UNlT 
A - area ft2 
BF - ballast factor 
CLF - cooling load factor 
CLTD - modified temperature difference value that of 
accounts for the heat storage/time lag effects 
CLTDc - corrected value of CL TD OF 
DR - daily temperature range of 
LM - correction for latitude and month 
Q - heat gain (cooling load) BTUlhr 
Qs,QI - sensible and latent heat gains (loads) 
qs, ql - sensible and latent heat gains per person 
SC - shading coefficient 
SHGF - maximum solar heat gain factor BTUlhr/~ 
TD - temperature difference between unconditioned and OF 
conditioned space 
Ta - average outside temperature on a design day of 
To - outside design dry bulb temperature OF 
TR - room temperature OF 
U - overall heat transfer coefficient BTUlhr-ft2 _OF 
W - lighting capacity watts 
xiii 
LIST OF APPENDIX 
FIGURE NO. TITLE PAGE 
APPENDIX A Energy Consumption In UTHM 61 
Appendix A-I: Data of Energy Consumption In UTHM From May 62 
2002 To December 2007 
Appendix A-2: List Of Relevant Consuming Blocks 92 
APPENDIXB Cooling Load Calculations 93 
Appendix B-1 : Zone Checksums - DK, EE & PM 94 
Appendix B-2: System Checksums 97 
APPENDIXC Proposal of Storage System for 3500RT 98 
Appendix C-l : Proposal of Full and Partial Storage TES System for 99 
2200RT Cooling Load 
Appendix C-2: Proposal of Full and Partial Storage TES System for 105 
2900RT Cooling Load 
Appendix C-3: Proposal of Full and Partial Storage TES System for III 
3600RT Cooling Load 
Appendix C-4: Proposal of Full and Partial Storage TES System for 117 
4200RT Cooling Load 
Appendix C-5: Economical analysis of proposed plant sizes 123 
Appendix C-4: Comparison of investment priority between simple 125 
payback period method and net present value method 




Company Infonnation and Project References 









Worldwide, people use about one third of the total energy consumption in 
buildings - for heating, cooling, cooking, lighting, and running appliances. 
Building-related energy demand is rising rapidly, particularly within our homes. But 
there are large differences in household energy use from one country to the next: for 
example, people in the United States and Canada consume 2.4 times much energy at 
home as those in Western Europe. 
As homes become bigger, each individual house has more space to heat, cool, 
and light, as well as room for bigger and more appliances. Home appliances are the 
world's fastest-growing energy consumers after automobiles, accounting for 30 
percent of industrial countries' electricity consumption and 12 percent of their 
greenhouse gas emissions (internet article: Making Better Energy Choices, 
http://www.worldwatch.org). In developing countries, meanwhile, the potential for 
appliance growth is enormous: sales of frost-free refrigerators in India alone are 
projected to grow nearly 14 percent annually. 
2 
Yet the same needs couId be met with far less energy. Technologies 
available today couId advance appliance efficiency by at least an additional 33 
percent over the next decade, and further improvements in dryers, televisions, 
lighting, and standby power consumption could avoid more than half of projected 
consumption growth in the industrial world by 2030 (internet article: Making Better 
Energy Choices, http://www.worldwatch.org). In developing countries, people could 
save as much as 75 percent of their energy through improvements in building 
insulation, cooking, heating, lighting, and electrical appliances. 
As shown in Figure 1.1, most of the energy consumed by commercial and 
institutional organizations is used to: 
i) Operate auxiliary equipment - devices that supply energy services to the major 
process technologies during their operation and that are common to most 
industries. Auxiliary- equipment falls into five categories: 
• steam generation 
• pennanent lighting 
• heating 
• ventilation and air conditioning 
• electric motors, including pumps, fans, compressors and conveyors 
ii) Supply plug load - the electricity demand from all equipment that is plugged 
into electrical outlets in buildings (principally office equipment, consumer 












Figure 1.1: CommerciaVInstitutional Secondary Energy Use End-Use, 2002 
(Source: Energy Use Data Handbook, Natural Resources Canada's Office of Energy 
Efficiency) 
Improving energy efficiency, for instance in electricity use, will have two benefits: 
(World Energy Council 2008) 
i) Supply more consumers with the same electricity production capacity which is 
often the main constraint in many countries of Africa and Asia. 
ii) Slow down the electricity demand growth, and reduce the investment needed 
for the expansion of the electricity sector; this is especially important in 
countries with high growth of the electricity demand, such as China and many 
South East Asian countries. 
1.2 PROBLEM STATEMENT 
Data of the energy consumption in UTHM from 2002 to 2007 (Appendix A-I) 
has been collected and graph of yearly energy consumption was plotted (Figure 1.2). 
There were 14 zones in which monthly electricity bill were account for. The relevant 
consuming blocks were listed as shown in Appendix A-2. From the data collected, 
the following considerations were to be taken into account for this project: 
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i) Data from year 2002 to year 2004 were only indicated with electricity 
cost (RM), without total unit of kWh used. In addition, the data available 
for this period was not in complete set, which means some of the 
electricity bills were not available in the record. This is because the 
management of the electricity bills is taken over by Development and 
Property Management Office (pejabat Pembangunan dan Pengurusan 
Hartabina) in year 2005 only. 
ii) Due to the reason stated in (i), the total unit of kWh for year 2002 to year 
2004 was formulated from the total amount charged. 
iii) There was a tariff review effective from 1st June 2006. The tariff review 
is as follows (Table 1.1 and Table 1.2): 
Table 1.1: Zoning other than PPU: TariffB - Low Voltage Commercial Tariff 
Old Tariff New Tariff 
(before June 2006) (effective from 15t 
June 2006) 
For all kWh 28.8 senlkWh 32.3 senlkWh 
Table 1.2: Zone PPU: TariffCl- Medium Voltage General Commercil!l Tariff 
Old Tariff New Tariff 
(before June 2006) (effective from 1st 
June 2000.. 
For each kilowatt of maximum 17.30 RMlkWh 19.50 RMlkWh 
demand (MD) per month during the 
peak period 
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Zone PPU started its operation in May 2005 and was the main contributor to 
the energy consumption ofUTHM despite its short length of service compared with 
other zones. Zone PPU covers areas for Block F2, G 1 (FKEE), G2 (FKMP), G3 
(lecture halls) and G4 (hostels). Why Zone PPU contributed the most to the total 
electricity bills of UTHM? What were the main factors contributing to this high 
electricity bills? Was there any possibility to reduce the consumption? These issues 
or questions had become the deriving force for undertaking the present project. 
1.3 OBJECTIVE 
The objective of this project is to investigate the potential of applying 
Thermal Energy Storage (TES) technique in reducing the cooling load requirement 
for Technology Complex (Blocks G 1 & G2) and Lecture Halls (Block G3) at UTHM. 
1.4 SCOPE OF STUDY 
The scope of this project was to study energy efficiency in Universiti Tun 
Hussein Onn Malaysia. In this project, focus was given on the zone with the highest 
electricity energy consumption, which was Zone PPU (Technology Complex and 
Lecture Halls - Block G I, G2 and 03). 
The scope of the study include: 
i) To identify the major area of energy consumption by studying the energy 
usage pattern. 
ii) To identify Building Energy Index (BEl) for Zone PPU and compare with 
MS 1525 standard. 
